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As human beings, we are constantly generating waste, whether it is related to food, or 
simply objects that lose their value and end up in the rubbish.  
These actions produce a lot of waste in our daily lives, which is necessary to remove from 
our homes. Surely the most of us are not aware of the enormous amounts of waste 
generated, as we simply get rid of it by throwing it into bins.  
The project presented is directly related to all this waste generation, specifically to its 
collection. Its planning has been led by Ros Roca, a company specialised in the design 
and construction of waste collection equipment, who has received a request from a 
company wishing to purchase a very specific waste collector.  
2 Aim of the project 
The company in question is Steco. They have its head office and workshop in 
Teglverksveien, Norway, and are specialised in machine deliveries and maintenance 
dedicated to recycling and waste treatment. 
In the area where they work, there is not enough underground containers to have one truck 
dedicated to a simple collecting system.  
Therefore, it is required a collector capable to operate with bins, Moloks and skip 
containers at the same route, so the aim of the project is to study the compatibility of 
combining these 3 types of waste collection in a single truck. 
3 Description of the different possible containers to deal with 
The following pictures show each of the bins mentioned, with their respective capacities 
compatible with the waste collectors that Ros Roca manufactures. 
3.1 Bins 
All the units manufactured by Ros Roca have a lifter (unless the customer requests not to 
mount it) capable of dealing with this type of bins. (Figure 2). 
For this purpose, they have a comb with two grips that fit into the holes of the bin. (Figure 
1).  
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As soon as they are inserted, the comb rotates upwards and once the rotation is at 
approximately 90º, the waste starts to fall into the hopper (Figure 3).  
Figure 1. Bins suitable for Ros Roca lifters. 
Figure 2. Standard Ros Roca UPC lifter capable to deal with bins. 
Figure 3. Olympus truck in process of downloading a bin into the hopper 
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When the waste is in the hopper, the hydraulic circuits are activated and push the waste 
into the body, where it is stored. Table 1 shows the legal capacities of the bins to deal 
with. 




Table 1. Type of bins according to their capacity. 
3.2 Moloks 
Second style of container that the project itself needs to work with. Its operation is 
detailed in section 3. The maximum dimensions that can be used are detailed in Table 2, 
and they are important because the project involves working with the most restrictive 
cases. On the other hand, its design can be observed in Figure 4.  
Maximum Diameter (m) 1,95 
Maximum Height (m) 2,7 
Maximum volume (𝒎𝟑) 5 
Table 2. Moloks highest dimensions available. 
Figure 4. Comparative between different Molok capacities available. 
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3.3 Skip-containers 
The last kind of container is the skip-container. It might be better known, but in any case, 
its operation is also detailed in chapter 4. Table 3 contains the maximum available 
capacities that AMG (the company that provides them in Norway) supplies, and their 
shape can also be seen in Figure 5.  
Maximum capactiy (𝒎𝟑) 20 
Maximum width (mm) 1850 
Table 3. Maximum dimensions of skip-containers that AMG supplies 
Figure 5. Shape of AMG lift containers suitable for the project being studied. 
Operating with all these types of containers at the same time is not a simple process, 
because each of them requires a different type of discharging. This is the reason why the 
collector requested differs from the standard ones manufactured at Ros Roca (Figure 6).  
Figure 6. Standard Olympus collector with UPC lifter. 
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Bins are discharged in a common way on practically all Olympus units. Then, the 
variation is given by the Moloks and the skip containers. These kinds of containers will 
be unloaded with the help of the following devices. 
1 Crane (to lift Moloks) 
2 Winchlift (to lift skip containers). 
They both need to be mounted above the body, so the problem of the intersection 
between them appears. Consequently, the most important study of the project is 




Previous designs have been realised with both WLS (winchlift system) and crane. 
However, this is the first time that Ros Roca has gone through a combination of them in 
the same truck.  
In Figure 7 on the left it is shown a project with the winchlift system. As seen, the function 
of the rope is to stretch the skip container with the aim of making it rotate and forcing the 
waste to fall into the tailgate. It is basically used because the standard lifter cannot deal 
with such a big container, and they do not even have fastening points. 
In contrast, in Figure 7 on the right, the optional incorporated is the crane 
ECO-806.ER2 in the top of the body. Its function, as mentioned before, is to lift the 
Moloks, which are submerged underground as if they were underground containers, and 
they cannot be lifted with its own lifter that the collector incorporates, nor with the 
WLS.  
▪ Project with WLS system (left)
▪ Project with ECO806 crane (right).
Figure 7. WLS system on the left and ECO-806 on the right, both mounted in previous projects. 
There are still no previous studies that evaluate the possibility of incorporating both 
elements, and since the design would not work due to the intersections between them, it 
is necessary to analyse the possibility of displacing any of the components. 
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5 Scope 
Due to this lack of prior information, a complete study is needed following each of the 
processes explained below. 
▪ Compilation of information on elements that will affect both aesthetically and
physically: chassis provided by the manufacturer, capacity of the body, lifter, crane
views with their respective weights...
▪ Brief analysis of the containers available/suitable, with their respective capacities and
specifications to avoid possible failures due to collisions or lack of space.
▪ Comparison between several possible alternatives, together with their 2D designs and
body weight calculations to choose one of the options. On the other hand, justification
of the same and discarding the others.
▪ Analysis of WLS: study of the moments of force that skip-containers produce with
respect to the equipment during waste collection. With that information, decide in
which position should the winch be mounted (in front or behind).
▪ Analysis of ECO-806-ER2 crane lifting system: Aesthetic design of all the parts that
involve the platform with its crane, avoiding intersection with the WLS or any parts
of the body such as hydraulic pipes.
▪ Calculation of the stresses to which the platform will be subjected once the crane is
in operation unloading a Molok container, and possible redesign of the platform in
case that any part of the equipment is suffering high stresses.
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6 Specifications 
Before starting the study, it is necessary to understand what components compose the 
complete collector. In this section, all these elements are specified. The models mentioned 
must be followed because in case of modification, the study would completely differ due 
to dimensional variations. 
6.1 Chassis 
The chassis is a very important element in terms of weights and dimensions. These 
magnitudes can be the reason why the project does not fulfill the legal limits. These are 
specified precisely in chapter 7, with the respective body weight calculation for each of 
the proposed configurations. 
That said, each brand has its own specific models. In this case, Steco is already clear 
about the model and therefore it will be an element with which there will be no flexibility 
to change in case of need to increase or decrease parameters.  
Figure 8 shows a brief drawing of how the chassis looks in 2D. On the other hand, its 
technical data sheets are quite long so in the Statement of Conditions section the most 
important elements to consider are detailed.  
Figure 8. Scania chassis chosen by Steco. 
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6.2 Body 
The body no longer depends on any external manufacturer because it is produced at Ros 
Roca. In the Annex G.1, all the available body types are shown.  
In this case, the client request asks for a specific range of bodies, from 20W upwards so 
20W HCT body has been accorded.  
HCT refers to "High Capacity Tolve", which is designed for collection using satellite 
equipment and underground containers. It is equipped with a high-capacity hopper with 
a greater load volume. In this case, Moloks are considered underground containers, so it 
is interesting the hopper to be as big as possible.  
6.3 Lifter 
As discussed with the customer, the Euro Trade lifter will be chosen. The reason for this 
selection is because of its existing design possibility in combination with the WLS. 
It can be observed in the G.3 point from Annex that the regulations regarding the 
containers to be lifted are complied with (12574-1 regulation). 
On the other hand, Figure 9 shows the 3D, profile and elevation views of it. As seen in 
the standard Olympus truck, the EuroTrade lifter is a bit more complex than the UPC one, 
which leads to higher costs. 
Figure 9. EuroTrade WLS lifter ISO, profile, and elevation views. 
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6.4 Crane 
The role of the crane is to lift the Moloks to unload them into the hopper. Not all the 
cranes will be valid, since it must guarantee the complete movement, which implies to 
have specific dimensions. Steco offered the possibility of doing the study considering 
different cranes within the ECO model. Among them, there are models 806, 807 and 809. 
What differentiates them is mainly the size of the crane, as well as the load they can 
support.  
Evidently, in terms of load it would be very interesting to choose the 809. Even so, 
considering that the priority of the project to be studied is still the viability in terms of 
space above the body, the most interesting option is to analyse the ECO806 crane, which 
has the platform with a smaller radius and therefore, there will be more flexibility when 
adjusting the distances with respect to the WLS. 
Drawing 1 in the annex are the views sent by the crane manufacturer, one with the crane 
folded and the other with the crane unfolded, respectively. From these dimensioning and 
especially from its gravity centre, the whole graphic study will be carried out. 
6.5 Winchlift system 
The role that the winch has is, as well as the crane does, lifting the skip-container to empty 
it into the hopper. The winch is mounted on the front or rear of the body, depending on 
the position chosen. Once the rope is hooked to the container as shown in Figure 7, the 
pulling starts.  
The data sheet in Annex G.2 indicates the maximum force to which it can be pulled, 
concretely 40 kN. This directly affects the project, since it will be required to calculate 
whether with the largest skip containers and with the maximum density of waste, this 
force would be exceeded. 
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7 Alternatives regarding the position of the crane 
Once all the elements involved in the study have been defined, the crane and winch 
mounting position can be evaluated. 
Ros Roca works with different models of cranes. In some projects they are mounted 
between the cabin and the body while in others (as the case being studied) are placed on 
the roof of the body. Figure 10 are both examples of this crane position, respectively.  
Figure 10. Types of crane position (cabin/body or roof) mounting in function of the model. 
Before any project of a collector is approved, what is called "Body weight calculation" is 
carried out. This process involves a series of calculations to ensure that the equipment 
complies with the internal requirements of Ros Roca.  
Body weight calculation is indispensable in terms of safety, as if a certain percentage of 
weight in the first axle of the truck is not exceeded, the project cannot be moved ahead. 
The more weight falling on the first axle, the better the truck traction on the ground will 
be. The percentages to respect are the followings:  
Table 4. Percentage on first axle with respect to the total weight of the equipment to be complied with. 
Chassis type Minimum percentage on the first axle (%) 
2 axles 25 
3 axles  20 
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Cranes play a very important role in this part since depending on the point where its 
gravity centre falls, will increase, or decrease this percentage. In most cases, mounting 
the crane at the front would not be interesting because the centre of gravity usually falls 
on the rear axle, drastically worsening the load distribution (percentage in first axle 
decreases). 
Nevertheless, the ECO-806 crane does not have this problem, and that is the reason why 
it is interesting to study both positions: at the front or at the back of the roof. 
In conclusion, there is a variety of scenarios to work on:   
Table 5. Alternatives needed to study depending on crane and WLS position. 
7.1 Alternative 1 
The first alternative studied proposes to locate both the crane and the winch at the front 
of the equipment. Figure 11 shows a brief sketch of how the equipment looks like.  
More detailed, dimensioned views can be found in the Drawing 2. 
Figure 11. Alternative 1 sketch: Crane and WLS at the front of the body. 
Crane position WLS position 
Alternative 1 Front Front 
Alternative 2 Back Front 
Alternative 3 Back Back 
Alternative 4 Front Back 
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7.1.1 Equipment drawing 
From the Drawing 2, the centre of gravity of the crane with respect to the first axle results 
2653 millimetres. Knowing that the closer it is, the more load the first axle will receive, 
and better results will appear, it will be an important data once the other alternatives have 
been analysed. 
Once the assembly drawing has been made, the next step is to perform the body weight 
calculation. In a spreadsheet, the necessary data is entered with respect to the 
specifications section, considering the mounting distances based on the drawing made. A 
distribution of the weights of the entire equipment is obtained.  
The total weight considers the crane, the winch, the body, the lifter, the weight of the 
people and even extra weights. To that, the weight of the chassis must be added. This total 
weight is compared with the weight that each axle can support according to the standards 
of each country/chassis. 
7.1.2 Body weight calculation results 
With the body weight calculation from Annex A.1, the following results are obtained. 
The first case gives a payload of 9415 kg, which is the kilograms of waste that the 
collector will be able to collect. The body is not filled because, as seen, the rear axles are 
limited because the maximum weight they can support is reached. 
On the other hand, the percentage with respect to the first axle comes out at 23%, and 
therefore within the range of 3-axle chassis (20%). 
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7.2 Alternative 2 
The crane in this case is at the rear, which is advantageous because it avoids alternative 1 
problems of length and working at the limit.   
Even so, it must be considered that as standard both the crane and the WLS are mounted 
symmetrically in the centre of the body. If this happened, the intersection between both 
problems would appear.  
Figure 12. Alternative 2 sketch: Crane back and WLS at the front of the body 
7.2.1 Equipment drawing 
The option that would be taken up consists in moving the crane to one side. To do this, it 
is necessary to redesign the support of the crane and carry out a complete study of the 
efforts involved and the movement it can carry out to lift containers. The crane gravity 
centre in this case advances towards 3182 millimetres, shown in Drawing 3. 
7.2.2 Body weight calculation 
The second alternative gives a payload of 9302 kg. In this alternative the body is 
not totally filled either. The percentage with respect to the first axle is now 22%, so it is 
also in the range of 3-axle chassis (20%). Calculations of the body weight calculation 
can be found in Annex A.2.   
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7.3 Alternative 3 
It is needed to check whether it is possible for the winch to be mounted in the back of the 
body (Figure 13), which is the only change between this alternative and the previous one. 
Figure 13. Alternative 3 sketch: Crane and WLS backwards. 
7.3.1 Equipment drawing 
This option would mean a huge advantage in terms of designing and calculations, since 
the crane would be positioned in a symmetrical way with respect to the equipment. The 
reason for that is because the winch would be mounted immediately after the crane, not 
intersecting with it when working (more detailed views in Annex A.3). 
However, the most relevant problem appears when lifting the skip bin with the WLS, 
since as explained in next point 8, there could appear a tension component which 
does not allow the rising. 
7.3.2 Body weight calculation 
The last alternative gives a payload of 9161 kg, being the worst. The body is neither 
totally filled. The percentage with respect to the first axle is now 21%, so it is also the 
worse option even within the range of 3-axle chassis (20%). 
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7.4 Alternative 4 
Alternative 4 is quite similar to alternative 1. The difference between them is that although 
the crane is in front in both alternatives, the WLS here is moved backwards.  
However, and as will be seen in the following point, locating the crane in the front is not 
a good option due to several problems. Therefore, the study of the alternative has not been 
continued.  
7.5 Discard arguments 
Although the 2D drawing in Alternative 1 looked good at first sight, and so did the load 
distribution, there are several reasons why it has been decided to discard it:  
1. The winchlift system and the crane intersect if put in the centre of the body. Then,
in case of moving it to the side, problems with the cylinders shown in Figure 14
would appear. These cylinders are in charge of tailgate lifting and changing their
position would definitely be a problem.
Figure 14. Intersection with cylinders problem. 
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2. Intersection of the crane with tailgate shown in Figure 15. Detail can be
appreciated in Figure 16
Figure 15. Intersection between crane and tailgate. 
Figure 16. Detail of the intersection. 
3. The body at the front is not strong enough to withstand the stresses. Ros Roca
bodies are more resistant at the back because there are a lot of elements involved
close to it while the lifting movement.
4. The length of the crane. Considering that it must be able to pick up the Molok and
transport it to the back to empty it into the hopper, the following study has been
carried out: According to the technical data sheet of the crane, it is known which
are its extreme positions, and thus evaluate in each of them if the Molok can be
emptied properly without part of it being out of reach of the tailgate.
Figure 17. Discharge of molok viability. 
DETAIL A 
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5. Finally, in case of not having the problems mentioned above, it is also seen in
Figure 17 that the option would work on the limits and would not allow the
operator to carry out the manual operations with the Molok straps in conditions.
To sum up, it is preferable to discard the crane at the front since many problems would 
need to be faced up. Moreover, by discarding alternative 1, alternative 4 has also been 
rejected since all the problems related to the crane would still be present as the position 
is the same.   
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8 Winchlift forces study results 
Before comparing the 3 alternatives studied to choose one of them, it is also required to 
ensure that the winchlift will be able to deal with the skip containers in extreme 
conditions. This study only requires 2 alternatives, depending on the winch position. The 
chosen ones are 2 and 3, since 1 and 4 have been discarded.  
8.1 Work requirement 
The following information is given by the supplier of the skip containers and the WLS 
system, both referenced in G.2 and G.4 in the annex.  
1. The maximum capacity containers that can be lifted by the winchlift system
SEPGAIN H40 WLS go from 5 to 18 m3.
2. The shape of these must be as mentioned in the project definition.
3. AMG is one of the container manufacturers in Norway, and after contacting a
Steco employee, he could confirm that the ones offered in the catalogue can be
taken as a reference.
Then, it is interesting to carry out a study of the forces acting on the container to see how 
it behaves. Within the catalogue they offer and complying with the previous points, the 
most unfavourable case to be studied is the following: 
Open Lift Container ML 14L 
Figure 18. Open Lift Container ML 14L, most unfavourable skip-container. 
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8.2 Analysis of results 
From calculations done in Annex B, the results obtained are the ones shown in Table 6 
Figure 43 and Figure 44 show the position of the container being lifted by both 
alternatives, with the resulting forces acting in that moment.  
Table 6. Results from Annex B calculations about WLS stresses when lifting skip-containers. 
The horizontal component needs to be as large as possible compared to the vertical one 
to enable easy movement and prevent the container from falling vertically. If not, it 
becomes much harder for the WLS rope to pull horizontally.  
As seen in Table 6, Alternative 2 offers a 3 times smaller vertical component, which is a 
point in its favour.  In addition, the total stress T is also lower in alternative 2, so we avoid 
overcharging the stress done by the band, which can work until 40 kN.   
Considering that the studied case is the most unfavourable, the stress of the WLS in case 
3 would mean a 75% of its limit, and the study has not contemplated external phenomena 
such as rain, strange waste with high density or even bad support from the container 
causing strong stretches.  
In the following point, the comparation between the options can already be taken once 
WLS study has been done.  
Alternative 2 (WLS front) Alternative 3 (WLS Back) 
Tension angle 𝜶 (°) 14 30 
Stress T (N) 24.631 29.373 
x component of Stress (𝑻𝒙) 23.900 25.438 
y component of Stress (𝑻𝒚) 5.959 14.686 
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9 Comparison and choice of alternative 
A summary of the most important factors analysed so far is shown in Table 7, which are 
the following:  
- Body weight calculations
- Crane and winch position
- Efforts made by the winch
The red numbers indicate that the result obtained is unfavourable for the project, or that 
it is simply the worst case among the 3 options to choose from. 
Alternative 1 Alternative 2 Alternative 3 
BWC payload 
(kg/m3) 9415 9302 9161 
BWC % 1rst 

















cylinders & body 
weak at front 
Design of new 







larger than vertical. 
Problems with skip 
containers with large 
capacities. 
Table 7. Comparative between alternatives, with its pros and cons. 
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Alternative 1 and 4 are discarded because of its luck of advantages. Between alternatives 
2 and 3, the following analysis has been done:  
1. Similar body weight calculation payload in both cases, they differ by 150 kg (9415
kg vs 9302 kg). The more load the equipment is able to pick up, the fewer trips it
will have to make and the more economical it will be its use.
2. 22 % of weight in first axle vs 21% (better case 2). As mentioned in point 6, the
higher the percentage of weight on the first axle, the better traction the truck will
have with the ground.
3. Good crane compatibility and movement in both cases.
The final decision, as the studies of WLS stresses show the possible problems in terms of 
container lifting, is going for alternative 2, so the right functioning needs to be ensured 
by studying the position where the crane will be mounted in order not to intersect with 
the winch lift system, that cannot be displaced.   
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10 Crane platform design 
Once the alternative has been chosen, the next step consists in starting to develop the 
crane platform. However, before making this design it is necessary to study the exact 
position in which the crane should be placed. Figure 19 presents a previous project with 
the ECO-806 crane, but with the centred standard platform. That means that the winch 
system was not installed.  
Figure 19. Standard mounting of ECO806 crane from previous projects. 
On the other hand, in Figure 20 the ranges that the winch can cover have been plotted in 
red. Even knowing that the rope is always centred, there is the possibility that in some 
operation the skip container may be displaced and therefore the rope may be too.  
Figure 20. Top view of equipment in standard crane position. In red, winch range. In blue, crane mounting. 
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The position of the crane (in blue) with respect to the first axis is already defined for any 
crane mounting on the roof and has already been considered when making the body 
weight calculation. Even so, the lateral displacement that must have to avoid the winch 
intersection has to contemplate another important aspect. 
• It was shown in Figure 14 that a cylinders powered the tailgate. The fact that the
front part was weaker made it very difficult to move the crane. In this case, it is
feasible if the platform has a safety margin of space for the operator to deal with
these pipes in case of failure.
The most optimal crane displacement is of 450 mm. It fulfils both above requirements: 
▪ Pipe handling window not invaded as there are 35 mm left before it.
▪ The crane no longer interferes with the range of the winch.
Figure 21. Top view of equipment in modified crane position. In red, winch range. In blue, crane mounting. 
As mentioned above, the standard crane bases are centred, which is why they cannot be 








10.1 Components of the platform 
10.1.1 Base anchorages 
The platform must be joined somewhere on the equipment by its 4 corners. The Olympus 
units have special arms attached to the body, on which these base anchorages will rest. 
The shape of them is not squared to improve the manoeuvring space of the window.  
Figure 22. Isometric assembly view with base anchorages mounted. 
10.1.2 Side sheets 
Part that connects the anchorages with the metal sheets of the platform. The piece follows 
the same shape as the anchorages and marks the beginning of the window. It is installed 
in both sides.  
Figure 23. Isometric assembly view with side sheet mounted. 
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10.1.3 Platform base 
The most resistant option would be to have a base as thick as possible, as this would 
prevent bending in situations of maximum stress. This is not possible due to the large 
amount of weight that would fall on the third axle of the chassis. Thus, a single sheet 
metal base will not be enough as the weight of the crane itself would already be a problem 
for the platform as well as for the body weight calculations, so more parts will be needed. 
The first one will be placed at the bottom. It will be welded to the side faces, and to the 
side bars that will be on top of it. The slots and holes are also related to the other parts of 
the design, so that the fit is optimal.  
Figure 24. Isometric assembly view with platform base mounted. 
10.1.4 Upper right sheet 
The next part rests on the platform base, and on the side sheet. Thus, it is fixed by two 
pieces. In one of the last steps, the crane base will be welded on top of it.  
Figure 25. Upper right sheet isometric view. 
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10.1.5 Upper left sheet 
The same piece with its length increased is placed on the opposite side. This 
modification is due to the displacement of the crane. As it will be welded on a base, 
and this base will be welded on top of the two pieces (upper right and upper left 
sheets), there must be a space below so that the bolts do not crash.  
Figure 26. Isometric assembly view with upper left sheet mounted. 
10.1.6 Rear side beam 
The function of the rear side beam is not only aesthetic, but also to connect the lower 
sheet and the two upper sheets. In addition, it reinforces the possibility of bending. This 
one does not need any reinforcement because it has already two small slots fitting with 
the side sheet.  
Figure 27. Rear side beam isometric view. 
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10.1.7 Front side beam 
As it was not necessary in the previous bar, a reinforcement will be necessary in this 
one. The reason for this is that the gap is for the base of the crane to fit. It has not been 
done on both sides because that would increase the price by the fact of introducing 
another reinforcement and it would not increase much more that security.  
Figure 28. Front side beam isometric view. 
10.1.8 Bridge reinforcement 
Finally, the commented reinforcement that will go welded on top of the front side beam. 
Figure 29. Crane base reinforcement isometric view. 
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10.1.9 Crane base 
As mentioned, the crane base is the part being up, joined by both the right and left upper 
sheets. It is also assembled to the side beams. The 18 holes in circle will be the ones where 
the bolts will be placed joining with the crane.   
Figure 30. Isometric assembly view with crane base mounted. 
10.1.10 Bolts, washers, and nuts 
Finally, the platform needs to be assembled to the Olympus Body. To do so, 4 bolts will 
be assembled to each of the corners. The performance of them needs to be studied since 
they will be suffering big part of the stresses from the crane load.  
Figure 31. Isometric assembly view with bolts, washers, and nuts mounted. 
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11 Installation on the equipment view 
Once the platform is mounted on top of the Olympus body, the crane is joined. Its 
maximum rotation will be 180 degrees, starting from rest in the position shown in Figure 
32, rotating 90 degrees to pick up the Molok container, another 90 degrees to unload it, 
and finally returning to its initial position. 
Figure 32. Isometric final view design when assembled to body. 
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12 Viability results 
12.1 Molok and crane weights impact 
As mentioned in the project definition, the container with the largest volume is 5 m3. It
is suitable for plastic, cardboard, and other waste. On the other hand, glass, and bio-waste 
Moloks instead, have a maximum capacity of 3 m3
Regardless of the volume, it is of interest for the calculations to know which type of 
collection weighs more. 
Material Molok capacity (𝐦𝟑) Density in Molok (
𝒌𝒈
𝒎𝟑
) Weight (kg) 
Organic matter 5 200 1000 
Paper/Cardboard 5 100 500 
Plastic 5 30 150 
Bio-waste 3 800 2400 
Glass 3 400 1200 
Table 8. Type of available waste with its characteristics. 
Bio-waste is not only high density by itself, but also has a high compaction capacity and 
high moisture content. In addition, the weight of the Molok must also be accounted for. 
The procedure of the volume calculation is given in the Annex C, with a result of 0,6 m3.





𝟑) Weight (kg) 
Composite - 0,6 - 
Aluminium 2700 0,6 1620 
Polypropylene 920 0,6 828 
Table 9. Type of Molok materials fabrication with its characteristics 
The most unfavourable option to study is an Aluminium Molok for Bio-waste. The sum 
of both parameters gives a total bin weight of 4020 kg.   
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12.2 Dynamical analysis of the crane 
Once the external forces are obtained, the free body diagram as well as each solid rigid 
of it are graphed in the lowest position that the crane can grab the Molok, which is the 
most unfavourable.  
The objective is to find the traction and compression forces to which the bolts connected 
to the crane base are exposed. To do so, it is needed to find the moment of force applied 
to the crane base mentioned in 10.1.9, 𝑀𝑂, as well as the reaction 𝐹𝑂𝑦.  
Figure 33. Free body diagram of the ECO-806.ER2 crane 
Table 10 summarizes the calculations in Annex D. The forces have been plotted with the 
relevant scale and the relation to the distances in mm. 
- The internal reactions of the crane from the analysis of each solid rigid,
- The moment of force and vertical reaction of the crane base
- The forces that the bolts are suffering.
* The value of the moment is per meter.
Table 10. Summary of obtained forces and moments of the crane from Annex D. 
      
 
 
   
   
   
  
Reaction name Module Value (kN) Reaction name Module Value (kN) 
𝑭𝑩𝒙 1188,63 𝑭𝑫𝒚 354,35 
𝑭𝑩𝒚 354,35 𝑭𝑫 1240,33 
𝑭𝑩 1240,33 𝑴𝑶 2,75 · 10
5 *
𝑭𝑪𝒙 684,37 𝑭𝑶𝒚 46,78 
𝑭𝑪𝒚 307,57 𝑭𝑶𝒙 504,26 
𝑭𝑪 750,31 𝑭𝑪𝒐𝒎𝒑 116,7 
𝑭𝑫𝒙 1188,63 𝑭𝑻𝒓𝒂𝒄 121,9 
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12.3 Bolt calculation results 
Failure can result when separating forces are applied to the parts connected by the bolts. 
In this case, the crane, and the crane base. There are several causes for this to happen, but 
the most unfavourable would be the crushing of the threads by compression and traction 
or their shearing. These two phenomena are evaluated in Annex E.  
The results obtained from the annex calculations are the following: 
𝜏𝑚𝑎𝑥 = 92,89 𝑁 · 𝑚𝑚2
𝜎 = 762,35 𝑁 · 𝑚𝑚2 
𝜎𝑒𝑞 = 779,14 𝑁 · 𝑚𝑚2
Figure 34 reflects the behaviour of these bolts. A safety factor greater than 1 indicates 
that the yield strength of the material is not exceeded. Even so, it is necessary to take a 
safety coefficient higher than this value because there may be cases in which the 
stresses to which the crane base is subjected are higher than the most restrictive 
calculated. Then, a suitable quality would be from 10.9 onwards.  























Cs behaviour towards bolt quality
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12.4 Ansys results 
Some parts have much more influence than others and so they are subjected to greater 
stresses. These parts must be treated, either by reinforcement or by redesigning them 
increasing their sheet thickness.  
12.4.1 General structure 
The crane base (9.1.9), which is fastened to the crane by means of bolts, causes the 
moment of force acting on the platform to have a very direct effect on some parts. Among 
them, the most damaged are by far the rear side beam (10.1.6), the front side beam 
(10.1.7), and the reinforcement bridge (10.1.8).  
As seen in Figure 35, parts in green and blue are subjected to an equivalent stress which 
is lower than their elastic limit. However, yellow parts begin to exceed it with values of 
600-700 MPa. The maximum marked in red will be explained in detail in next points.
Figure 35. Equivalent stress of Von-Misses at which the whole structure at the top is subjected to. 
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Figure 36. Equivalent stress of Von-Misses at which the whole structure at the bottom is subjected to. 
These values are obtained mainly in areas where the platform tends to deform. As the 
corner supports have the assembly fixed, and the remote force acts on the crane base 
(10.1.9), the deformation is produced by the central zones forming a U-shape. The 
following picture shows the deformation behaviour from the beginning of the load to its 
full value compressed in 1 second.  
Time: 0 s Time: 0,5 s 
Time: 0,75 s Time: 1 s 
Figure 37. Deformation behaviour when applying remote force. 
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So as mentioned, in the figure of 1 s, the part suffering the most deformation is in the 
centre of the platform base (10.1.3) as well as the upper left sheet (10.1.5).  
Even so, as these parts have a significant width and are joined by welding, they are less 
stressed and therefore their deformation is easier to happen. In fact, in Figure 36 it is 
clearly seen how it is the side bars which, having a greater thickness and a smaller width, 
bear the greatest stresses. 
Finally, it is also necessary to argue why there are conflict zones in which the equivalent 
stress values are excessive and irrational. As shown in Figure 35, two of these points are 
at the corners. After reviewing them, it is concluded that since there is a small unwelded 
gap (as shown in Figure 38), the zones suffer from unacceptable shear behaviour and 
normal stresses. 
Figure 38. Small hole without weld due to its rounded finish. 
The first conclusion drawn from the analysis with Ansys is that the upper left 
sheet (10.1.5) must be remodeled, so that the weld in that area is completely joined to 
the side sheets (10.1.2) and the rear side beams (10.1.6).  
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12.4.2 Crane base 
Analysing more specifically, and having solved the incongruences of the disproportionate 
values, an alternative is needed to help reduce those values that do not fall below 460 
MPa, the yield strength of the steel. 
Basically, there are two points to be treated: the area at the base of the crane that extends 
out to act as a reinforcement, and the corner areas. These areas are shown in Figure 39 
with an orange colour. Knowing that this piece is the one on which all the effort falls 
directly, there are two alternatives:  
Figure 39. Detailed view of Equivalent stress of Von-Misses at which the crane base is subjected to. 
1- The hole remarked in Figure 41 was designed to prevent the crane engine from
overheating. The parts that surround it that are most damaged are those with the smallest 
width. By eliminating the hole, the stress would go straight down to the blue-green areas. 
This step remains to be carried out as authorisation is required from the crane's 
subcontractor to know whether the engine can work under these conditions.  
2- The two corner areas shown in Figure 41 contain a hole with a diameter of 25 mm.
These holes are also present in the bottom plate and were made to be connected to deal 
with cases like this. Initially it has been tried to keep them without threaded joints for a 
cleaner finish but seeing that the areas exceed the admissible stress by 30% in extreme 
situations, it will be necessary to adopt this modification. 
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13 Conclusions 
The project is carried out under the supervision of Ros Roca, and this implies that every 
single change made requires an approval. Not only that, but the conditions proposed by 
the client must be satisfied. That is why the project is in its final phase but will not leave 
to Norway until the end of 2021. As mentioned in the previous chapter, it will be ready 
once the solutions proposed in 12.4.1 and 12.4.2 to bring the stresses within the permitted 
limits are fulfilled. 
Regarding the results obtained, chapter 6 starts the analysis with all the alternatives. It is 
concluded that all of them are viable in terms of the company's internal standards and in 
terms of utility, as they comply with the 20% minimum weight that has to fall on the first 
axle, and maximum payloads are also obtained in each of the distributions. Even so, in 
section 7.5, two of them are discarded. 
Between the two remaining alternatives, a study is carried out in chapter 8 in which it is 
seen that the position of the winch is very important in terms of safety, and the final option 
is taken.  
From there, it is also necessary to check whether the lifting of the Moloks is feasible in 
terms of stresses. For this purpose, the crane base has been designed in chapter 10 
considering the displacement of the crane to avoid possible intersections with the WLS.  
Finally, two viability studies have been carried out: 
• Bolting calculations by analysis of the rigid solids of the crane and the reactions
transmitted by it to the bolts.
• Calculations with the Ansys programme provide a wider view of the entire
platform, with its respective deformations and most conflictive areas.
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The results indicate that the bolts can support the stresses of the crane, as long as the joints 
are made with the indicated metric. This metric must satisfy a safety coefficient greater 
than 1. 
On the other hand, the Ansys results are not that satisfactory. Several areas are found 
where the stresses exceed the limits that the material can withstand before plastic 
deformation starts. These areas should be treated as indicated in section 12.4. 
Finally, once the changes have been made, the installation of stabilisers will also be 
considered. Ansys has provided a wider view as mentioned above, but it does not consider 
the movement of the whole truck and possible overturning. The stabilisers will provide a 
better balance when unloading. 
Eventually, the project will be launched by the end of 2021, and this has been 
communicated to the client. The studies so far have been successful, and the latest 
redesigns are the ones that will validate the platform for future projects where such 
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Annex B Winchlift force calculations 
The force analysis was carried out with the container tilted 80 degrees. The reason for 
this choice is because of the interest in seeing the behaviour of the decomposed stresses 
of the WLS.  
To find the value of these forces, a summation of moments with respect to the anchorage 
point of the container is needed. Some of the calculated parameters are approximations 
due to lack of information and therefore the results are qualitatively meaningful, but not 
quantitative accurate. 
Waste weight 
In body weight calculations, 600 kg/m3 of density are not usually exceeded, because it is 
beginning to be a physically non-existent value in terms of waste. Then, this value will 
be used.  
On the other hand, the maximum capacity of the container studied is 14 m3. With this, it 
is possible to find an estimate of the maximum weight it can hold by solving the equation 
(1).  
𝑤1 = 𝜌 · 𝑉𝑠𝑘𝑖𝑝 (1) 
𝑤1: Waste weight (N) 




𝑉𝑠𝑘𝑖𝑝: Skip-Container volume (𝑚
3)
𝑤1 = 600 · 14 = 8400 𝑘𝑔 ≈ 82.000 𝑁 
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Skip container weight 
The manufacturer has provided the dimensions, as well as the thickness and material. 
Thickness Steel bottom (𝑙𝑟𝑜𝑜𝑓) = 3 mm 
Thickness Steel walls (𝑙𝑤𝑎𝑙𝑙𝑠) = 4 mm 
Steel density (𝜌𝑠𝑡𝑒𝑒𝑙) = 7850 
𝑘𝑔
𝑚3
Considering that their distribution is uniform, the weight can also be obtained by equation 
(1). Before that, the total volume needs to be calculated so a surface analysis is solved 
adding up all the faces shown in the Annex G.4 data sheet. The results of that surfaces 
are:  
𝑆𝑤𝑎𝑙𝑙 = 15,71 𝑚
2
𝑆𝑟𝑜𝑜𝑓 = 5,04 𝑚
2
Once the surface of the wall and of the roof is obtained, the volume of each part can be 
calculated with equations (2) and (3). 
𝑉𝑟𝑜𝑜𝑓 = 𝑙𝑟𝑜𝑜𝑓 · 𝑆𝑟𝑜𝑜𝑓 (2) 
𝑉𝑤𝑎𝑙𝑙 = 𝑙𝑤𝑎𝑙𝑙 · 𝑆𝑤𝑎𝑙𝑙 (3) 
𝑉𝑤𝑎𝑙𝑙 = 15,71 𝑚
2 · 4 · 10−3 𝑚 = 6,2 · 10−2 𝑚3
𝑉𝑟𝑜𝑜𝑓 = 5,04 𝑚
2 · 3 · 10−3 𝑚 = 1,5 · 10−2 𝑚3
With equation (1) the total weight of the skip-container when it is empty is found: 
𝑚 =  𝑉 · 𝜌𝑠𝑡𝑒𝑒𝑙 = 7,7 · 10
−2 𝑚3 · 7850
𝑘𝑔
𝑚3
= 604,45 𝑘𝑔 
𝑤2 ≈ 6000 𝑁 
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The calculation angle between the tension and its components will be 𝛼 and these 
components are calculated by equations (4) and (5). 
∑ 𝑀𝑜 = 0 →  −1560 · 𝑤2 − 1079 · 𝑤1 − 755 · 𝑇𝑦 + 4282 · 𝑇𝑥 = 0 
(4) 
𝑇𝑦 = tg(𝛼) · 𝑇𝑥 (5) 
Alternative 2 
Figure 43. Force diagram of stresses acting to skip-container in alternative 2. 
𝑇𝑦 = tg(14) · 𝑇𝑥
−1560 · 6000 − 1079 · 82000 − 755 · 𝑇𝑦 + 4282 · 𝑇𝑥 = 0
𝑇𝑦 = 23900 𝑁 
𝑇𝑥 = 5959 𝑁 
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Alternative 3 
Figure 44. Force diagram of stresses acting to skip-container in alternative 3. 
𝑇𝑦 = tg(30) · 𝑇𝑥
−1560 · 6000 − 1079 · 82000 − 755 · 𝑇𝑦 + 4282 · 𝑇𝑥 = 0
𝑇𝑦 = 25438 𝑁 
𝑇𝑥 = 14686 𝑁 
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Annex C Molok weight calculations 
The official website that provides the Molok does not give information about their weight, 
nor about the thickness of their faces. That is why an assumption of inner and outer radius 
difference of 5 centimetres is made.  
Regarding the density of the materials that form it, as well as those that fill it, empirical 
data of their density values has been chosen, which is referenced in the bibliography. 
Finally, the height as well as the value of the external diameter itself are known needed 
values that have been provided.   
As it has been done in Annex B with the skip-container, the Molok also requires the 
calculation of its own weight as well as the biowaste that it has inside. 





Aluminium weight calculation 
In this case, the shape of the container is cylindrical, so the volume is defined by equations 
(6) and (7).




· (1,32 − 1,22) · 2,7 = 0,53 𝑚3




· 1,32 · 0,05 = 0,066 𝑚3
𝑉𝑡𝑜𝑡𝑎𝑙 = 𝑉𝑏𝑜𝑑𝑦 + 𝑉𝑐𝑜𝑣𝑒𝑟 = 0,6 𝑚
3
Equation (1) from Annex B is applied again in this case, to know the mass of aluminium 
after having calculated the total volume and knowing the density from Table 9 in the 
memory.  
𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 = 0,6 · 2700 = 1620 𝑘𝑔 
Waste weight 
Biowaste requires the same equation since volume and density also come from Table 8 
and Table 9.  
𝐵𝑖𝑜𝑤𝑎𝑠𝑡𝑒  𝑤𝑒𝑖𝑔ℎ𝑡 = 800 · 3 = 2400 𝑘𝑔 
Molok weight 
The total weight of the Molok is basically calculated as: 
𝑀𝑜𝑙𝑜𝑘 𝑚𝑎𝑠𝑠 = 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 + 𝐵𝑖𝑜𝑤𝑎𝑠𝑡𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 = 4020 𝑘𝑔 
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Annex D Dynamical analysis calculations 
As mentioned in the memory the force moment is needed, so the rigid solid in Figure 46 
is analysed as a group. For this reason, the internal forces between elements 2 and 3 are 
not considered.  
Therefore, the only forces involved are the external ones: the weight of the Molok and 
the load of the crane itself.  
Known data Value (kN) Known data Value (º) 
Crane force 7,36 𝜶 16,6 
Molok force 39,43 𝜷 24,2 
Table 11. Known forces and angles of the crane in most unfavourable position. 
D.1 Free body diagram 
Figure 46. Free body diagram of the crane in most unfavourable position. 
M: Molok weight (kN) 
p: Crane weight (kN) 
𝑀𝑂 = (𝑀 · 𝑑𝐴−𝑂) + (𝑝 · 𝑑𝑐𝑔−𝑂) (8) 
𝑀𝑂 = (39,43 · 6996) + (7,36 · 2190) = 2,75 · 10
5𝑘𝑁 · 𝑚𝑚
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D.2 Solid rigid 1 
On the other hand, the vertical reaction in the plate 𝐹𝑂𝑦 is also needed. In this case, it must 
be done an analysis of beams 1 and 2 to obtain the vertical reactions applied to the base 
(solid rigid 4). 
Figure 47. Solid Rigid 1 data representation to find forces in point B and C. 
∑ 𝑀𝐶 = 0 
(𝑀 · 𝑑𝐴−𝐶) + (𝑝 · 𝑑𝑐𝑔−𝐶) − (𝐹𝐵𝑦 · 𝑑𝐵−𝐶) = 0 (9) 
(39,43 · 5300) + (7,36 · 494) − (𝐹𝐵𝑦 · 600) = 0
𝐹𝐵𝑦 = 354,35 𝑘𝑁 
∑ 𝐹𝑦 = 0 
−𝑀 − 𝑝 + 𝐹𝐵𝑦 − 𝐹𝐶𝑦 = 0 (10) 
−39,43 − 7,36 + 354,35 − 𝐹𝐶𝑦 = 0
𝐹𝐶𝑦 = 307,57 𝑘𝑁 
      
           
      
      
      
      
  
  
   
   
   





    
   

























𝐹𝐶𝑥 = √750,312 − 307,572 = 684,37 𝑘𝑁
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D.3 Solid rigid 2 
Since bar 2 is at rest, and the only points that exert a force on it are B and D, the reactions 
of these will be the same but in opposite directions.  
Figure 48. Solid Rigid 2 data representation to find forces in point O. 
∑ 𝐹𝑦 = 0 
𝐹𝑂𝑦 − 𝐹𝐵𝑦 + 𝐹𝐶𝑦 = 0 (15) 
𝐹𝑂𝑦 − 354,35 + 307,57 = 0 
𝐹𝑂𝑦 = 46,78 𝑘𝑁 
∑ 𝐹𝑥 = 0 
𝐹𝑂𝑥 − 𝐹𝐵𝑥 + 𝐹𝐶𝑥 = 0 (16) 
𝐹𝑂𝑥 − 1188,63 + 684,37 = 0




            
 
 
   
   
   
  
   





D.4 Solid rigid 4 
Once the desired reactions have been obtained, solid 4 needs to be analysed to get the 
compression and traction forces that they are suffering.  
Figure 49. Solid Rigid 4 data representation to find traction and compression forces that bolts suffer. 
𝑀𝑂 =  ∑ 𝐹𝑡𝑟𝑎𝑐 · 𝑑𝑂−𝑛𝑡𝑟𝑎𝑐 + ∑ 𝐹𝑐𝑜𝑚𝑝 · 𝑑𝑂−𝑛𝑐𝑜𝑚𝑝 (17) 
(2,75 · 105) = 𝐹𝑡𝑟𝑎𝑐 ·
365
2
+ 2 ·  𝐹𝑡𝑟𝑎𝑐 · (
347 + 295 + 215 + 113
2




· 𝐹𝑐𝑜𝑚𝑝 · (
347 + 295 + 215 + 113
2
) 
𝐹𝑂𝑦 =  𝑛𝑡𝑟𝑎𝑐 · 𝐹𝑡𝑟𝑎𝑐 − 𝑛𝑐𝑜𝑚𝑝 · 𝐹𝑐𝑜𝑚𝑝 (18) 
46,78 =  9 · 𝐹𝑡𝑟𝑎𝑐 − 9 · 𝐹𝑐𝑜𝑚𝑝
Solving the system of 2 equations with 2 unknowns: 
𝐹𝑡𝑟𝑎𝑐 = 121,9 𝑘𝑁 
𝐹𝑐𝑜𝑚𝑝 = 116,7 𝑘𝑁 
68 
Annex E Bolt calculations 
E.1 Shearing stress 







≤ 𝜏𝑎𝑑𝑚 (19) 
𝐴𝑡 =  
𝜋
4
· 𝑑2 (20) 
Where 𝐴𝑡 is the section of the bolt submitted to shearing effort, the diameter of which has 
been taken from Annex G.6 (knowing the bolt metric), in Figure 50. 𝑛 is the number of 
sections that the bolt is crossing when it is fixed, and 𝐹𝑇 is the force acting to the bolts in 
the normal direction. This last force must be divided by the number of bolted connections, 
since it is distributed.  
Figure 50. Section 𝐴𝑡 submitted to shearing efforts.
𝐴𝑡 =  
𝜋
4
· 162 = 201,06 𝑚𝑚2
𝐹𝑇 = 𝐹𝑂𝑥 =
504260
18







= 92,89 𝑁 · 𝑚𝑚2 ≤ 0,4 · 𝜎𝑒 𝑁 · 𝑚𝑚
2
As seen, it suffers very little shear stress. In case the force was not divided among so 
many bolts, this tension would increase quickly. However, the bolt quality is still 
unknown because even if the shear behaviour is positive, it must also be evaluated in 
more restrictive cases such as axial behaviour. 
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E.2 Traction stress 
Since the traction force is greater than the compression one, the most critical situation is 
studied in equation  𝐴𝑆 is the section of the bolt submitted to traction effort, shown in 














𝐹𝑡𝑟𝑎𝑐 is the already calculated force that each bolt suffers, coming from the transmission 
between rigid solids. 













= 762,35 𝑁 · 𝑚𝑚2 
Once the fraction equivalent stress is defined, the equation (23) is checked to see if its 
fulfilled:  
𝜏𝑎𝑑𝑚 ≈ 0,4 · 𝜎𝑒 (23) 
𝜏𝑎𝑑𝑚 ≈ 0,4 · 762,35 = 304,94 
Equation (19) is satisfied. 
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E.3 Von Misses 
Knowing that a ductile material begins to yield at a specific point when the von Mises 
stress is equal to the limit stress, the equation turns up:  
𝜎𝑒𝑞 = √𝜎2 + 𝜏𝑚𝑎𝑥2 (24) 
𝜎𝑒𝑞 = √762,352 + (3 · 92,892) = 779,14 𝑁 · 𝑚𝑚
2
With the equivalent stress of Von Misses acquired, and the elastic limit of the material, a 





However, the elastic limit depends on the bolt quality. Annex G.7 from shows the 
different yield strengths of different bolts, which have a value called quality. This value 
is based on their tensile strength, multiplied by a percentage.  
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Annex F Ansys calculations 
Ansys is a design program that allows the analysis and simulation of assemblies using 
finite elements. It is used to evaluate any physical phenomenon to which the structure is 
subjected to see how it behaves.  
In the case of this project, bolt calculations have already been developed in Annex E. 
However, it is not only necessary to consider these joints, but also to know if the welds 
that will be carried out in the workshop will be able to suffer any shearing or extreme 
deformation under great stresses. Therefore, the program includes tools that simulate 
these forces and can plot the level of them using shades of colour. 
Analysing the platform and knowing that the crane will be placed to one side, the moment 
of forces created will surely be very high in some parts. On the other hand, it is also 
probable that the part 10.1.5 presents a high equivalent stress. 
The 3D model to be analysed is imported as shown in Figure 52. In this case, the assembly 
is the designed platform. It would be optimal to analyse all the equipment with the crane 
incorporated, but due to licensing issues the program does not work with large memory 
capacities. 
Figure 52. Ansys geometry upload. 
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Once imported, the thickness of the parts is analysed. For this, it is necessary to consult 
Solid Edge for each of them.  
Figure 53. Thickness of each part review. 
The reason for this analysis is that Ansys works by means of a meshing method which 
will be detailed below. Meshing is done by analysing the parts portion by portion. When 
it finds a very small bend, it has problems to create a complete mesh and can be half-
meshed, causing problems when performing the calculations.  
To avoid this erroneous meshing, a surface is assigned to the parts with a thickness of less 
than 4-6 mm (and of high importance within the assembly). At the same time, the body 
is suppressed. The change is perceived as in Figure 54. When the program starts 
calculating solutions, the thickness of the surface will be assigned.  
Figure 54. Comparation between body and surface after modification. 
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In the case of this project, it has not been necessary because all parts of the platform have 
a considerable thickness and do not require a surface assignment. 
The next step is to assign the material of the parts, in this case stainless Steel.  
When the material is defined, the connections come into play. These are essential for 
optimal stress calculation. When working with a design program like Solid Edge, a series 
of relationships between elements are defined: coincident parts, planar or axial 
alignments, parallelisms... All of them are automatically ignored once the file is imported 
into Ansys. Therefore, the connections take the responsibility of giving the program 
information about which parts will be welded.  
The process, therefore, is as follows. A total count of the pieces is made, and a tree is 
drawn in which the contact that a piece has with all the others is shown. And so on, 
consecutively until the total number of contacts that exist in the assembly is achieved. 
From there, they are generated one by one as shown in Figure 55 and Figure 56. 
Figure 55. Contact's tree. 
Figure 56. Example of a contact assigned between 2 parts. 
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However, the program is not able to detect bolts and it is observed that they have not been 
imported. 
At this point, the "beam connections" appear, which have the function of simulating their 
behaviour. A circular contact is adopted with the parts surrounding the extremities, as 
shown in Figure 57, and the bolt appears.  
Figure 57. Circular contact for beam connections. 
The next point is the meshing mentioned at the beginning of the explanation. Obviously, 
the smaller the size of each mesh portion, the better the analysis will perform, and the 
results will have fewer singularities or incongruences. Even so, the processing time with 
increasing mm2 of mesh also increases exponentially.  
Obviously, the final calculation has been made with an optimal mesh, but all the previous 
tests were made with higher meshes to see the behaviour of the platform, and to check 
the failed contacts.  
The program guide suggests that the performance is much more optimal when square 
meshing is used for planes, and tetrahedral meshing for bodies. In this case, there are 
simply bodies and consequently meshing will be tetrahedral. On the other hand, there is 
the mesh sizing, which should be between 4 and 15 mm to get logical results.  
Finally, a mesh is created, and it looks like Figure 58. At this point, it is only needed to 
tell the program what forces are acting on the plate, and what solutions are desired to get. 
From there, it will start to process a solution.  
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Figure 58. Meshing state view. 
In the case of this project, it is known that the crane cannot be analysed and meshed 
because it is a part supplied by the customer, and therefore the relevant connections have 
not been made in Solid Edge. In addition, the RAM memory required to make a mesh for 
it is much larger than the entire platform, so the program collapses.   
The solution to this problem is to create a remote force, which consists of applying a force 
to a fictitious point and assigning to which plate or body this effect is applied. The selected 
point will be the base of the crane, which is the one on which the resulting force of the 
mechanism acts due to the connection with it. 
Figure 59. Remote force applied acting to the assembly. 
The value of this remote force will be taken from the calculations of Annex C. Getting 
this Molok force of 39,43 kN and adding it to the 7,36 kN that the crane weights (this 
value must be displaced to the remote point, ending up being 2,3 kN), the total force that 
will be applied is 41,73 kN ≈ 42 kN.  
The last step consists of indicating the desired results. The most problematic parts are 
defined in point 12.4. 
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Annex G Technical information 
G.1 Olympus body ranges 
SEPGAIN H40
Technical Data Product # 62.54-003
Freespool clutch Not available
Max. pulling force  
- bottom rope layer 40 kN
Max. rope speed 








Rope MBL (EN 14492-1)


















The Olympus EuroTRADE-WLS... synonymous with quality and reliability.
The Olympus EuroTRADE-WLS provides a class leading waste & recycling collection solution with 
the capability to safely handle a wide range of containers with its robust rear mounted lift system. 
With maximum operational flexibility in mind, the Olympus EuroTRADE-WLS design offers some 
fantastic features and efficiency savings benefits.
OLYMPUS EUROTRADE-WLS
Type OL16W OL17W OL19W OL20W OL21W OL23W OL27W
GVW (tonne) > 18-26 18-26 19-28 26-28 26-28 26-28 26-36
Body volume (m3) > 17.5 18.2 20.5 21.5 23.3 25.1 28.4
Recommended wheelbase (mm) > 4050 4300 4700 4800 5300 5600 6400
Body weight (kg) > 5911 6032 6162 6220 6340 6502 6780
Body length (mm) > 5975 6065 6625 6785 7225 7625 8325
Also available as High Plus version
 Volumes from 10m3 to 29m3
Olympus Press body Width Bin lift
Maximum width outside dimensions (mm) > 2530 Cycle time 2 wheeled 7 (s)
Throw in width (mm) > 1800 Cycle time 4 wheeled / skip 10/23 (s)
Volume rear loader with hopper plate at 1.050mm (m3) > 1.5 Lifting capacity 2 wheeled 150 (kg) 
Volume rear loader with hopper plate at 1.650mm (m3) > 2.7 Lifting capacity 4 wheeled 750 (kg)
Volume hopper (m3) > 2.8 Winch capacity  Skip-containers 4000 (kg)
Cycle time press plate (s) > 18  Hydraulic operated hopper plate
Processing speed (m3/min) > 9.2 Footboard
 Standard  Option Bale clamp
* Containers with different sizes on request
* All dimensions and weights with a tolerance of ± 3%
EN 840-2  |  1000-1200L
EN 840-2  |  500-770L
EN 840-1  |  120-360L
Bags & Bulky Waste
EN 12574-1  |  5 -18m3
Terberg RosRoca Group Limited reserve the right to change the specification or design of our equipment at any time without prior notification.March 2018
Heathcote Way, Heathcote Industrial Estate, Warwick,  CV34 6TE




PESO TOTAL GRÚA 770 kg 
PRESIÓN MÁX. DE TRABAJO 270 bar 
CAPACIDAD ELEVACIÓN MÁX. 7.1 Tm 
ALCANCE MÁX. HIDRÁULICO 7.02 m 
ALTURA ELEVACIÓN MAX. 
desde la base de la grúa 
7.42 m 
ANGULO DE GIRO 270º 
CAUDAL ACEITE 20 l/min 
- Limitador de momento
- Mando a distancia
- Brazos telescópicos hexagonales
- Cilindros de extensión independientes
- Estabilizadores opcionales
- Válvulas pilotadas
-Cilindro de apertura de contenedores
- Conexiones SAE-JIC
- Norma de proyecto: UNE-EN 12999
Para todo tipo de contenedores, tanto soterrados 
como de superficie con diferentes tipos de apertura. 
Belgrado 
*Posibilidad de columna 140mm más baja
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G.6 ISO general purpose metric bolt threads — Tolerances 
82 
G.7 Mechanical and physical properties of bolts. 
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DRAWING TO BS. 8888 AND BS EN ISO 2553 (WELDING
SYMBOLS).
TOLERANCES UNLESS OTHERWISE STATED TO BE :-
MACHINED :- UP TO 600mm ±0.5mm OVER 600mm ±1.0mm
CENTRE DISTANCES ±0.5mm.    ANGLES ± 0.5°
UNMACHINED:- UP TO 600mm ±1.0mm OVER 600mm ±2.0mm
CENTRE DISTANCES ±0.5mm.    ANGLES ±1°
DEBURR AND REMOVE SHARP
EDGES.
UNLESS OTHERWISE STATED, ALL
DIMENSIONS ARE IN mm.
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Scrupulously comply with the
tolerance indicated.
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1. Add weld prep to weld as required.
1. Realizar la preparación para soldar según especificado.
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STATEMENT OF CONDITIONS 
100 
1 Purpose 
The purpose of this Technical Specifications Document is to define the technical 
characteristics for the procurement of a truck-type vehicle unit equipped with a waste 
collection body for the Steco service, to obtain an equipment capable of dealing with 3 
different types of containers and thus reduce the routes of the same. The equipment shall 
be able to load Molok containers, skip-containers, and classic bins.  
The offers shall be submitted as a complete unit, including all the necessary elements for 
the correct operation of the complete equipment. The supply includes installation, 
commissioning, registration, and after-sales service.  
The machine will have to be delivered by the supplier with its registration as a vehicle, 
being included within the price of the supply, each one of the expenses corresponding to 
the registration. In addition, the registration plates shall be attached to the vehicle, 
including their supports.  
The vehicle must comply with all current regulations on traffic, vehicle circulation, road 
safety, noise level, as well as Occupational Risk Prevention. 
2 Technical characteristics 
2.1 Chassis 
The chassis shall be suitable for the installation of a collection body with a capacity of 20 
m3. The installation of it should not impede the normal maintenance and servicing 
operations of the vehicle, nor the access to the various mechanical parts of the chassis.  
2.2 General definition 
- GVW 26.000 kg. (Gross vehicle weight).
- Weight variant: 26,00 t (8,0/11,5/7,5)
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2.3 Engine 
- Engine power 410 hp
- Euro VI engine
- High-performance engine brake
- PTO with 100 mm flange, min 650 N/m.
- Noise standard UN-R 51.03 level 2
2.4 Transmission system and attachments 
- Single-plate clutch
- Automated gearbox 8 speeds front and 4 speeds rear.
- Front axle 8.0 t
- Differential lock rear axle
- Second rear axle 7.5 t steerable and unloadable
2.5 Brake system 
- Disc brakes on front and rear axles
- Stop brake
- Electronic parking brake
- Electronic-pneumatic system with ABS and ASR
- Brake activation by switch
2.6 Frame and attachments 
- Wheelbase 3900 mm
- Front axle and trailing axle stabilizer
- Rear-loading dump vehicle frame
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2.7 Wheels 
- Tyre size front axle 385/65 R22.5
- Tyre size rear axle 295/80 R22.5
- Steel rim
3 Body
The body that must store the waste will have the appropriate conditions of resistance, 
durability, safety, sturdiness and cleanliness according to the purpose for which it is 
destined. It should be made of steel plate and selected for each type of work according to 
its elastic limit, breaking load, anti-abrasion, and anti-wear.  
The structural profiles shall be made of steel and of thickness and characteristics that 
guarantee the purpose for which they are intended. It will be protected by elastic 
anticorrosive paint of polyurethane quality and with previous surface treatment (pickling, 
degreasing, phosphating and two coats of antirust primer).  
The capacity of this will be 20 m3, with a high-capacity hopper for unloading Moloks.  
The ratio between the total weight of the equipment and the payload shall be as low as 
possible, without exceeding the maximum load given by the manufacturer. 
It will have the loading and compression elements necessary to achieve a compaction of 
6 to 1, as well as the necessary elements for their correct operation and safety for the 
operator.  
The compaction and pressing system will be by means of an articulated set formed by a 
sledge and compaction shovel and driven by double-acting hydraulic cylinders. 
The equipment will incorporate a digital rear vision camera to fully visualize the rear 
working area and facilitate reversing manoeuvres. 
Footboard with anti-slip surface and ergonomic handles at the rear for two operators with 
presence control on the footboards by weight detectors.  
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4 Discharging systems 
Bin unloading: Olympus EuroTrade-WLS, suitable for bins complying with EN 840-1, 
EN 840-2, EN 840-3.  
Molok unloading: ECO806 crane, fixed on top of the Olympus roof.  
Skip-container unloading: Sepgain H40 winch system, fixed to the front of the Olympus 
roof. 
5 Legislation 
The body installed shall comply with all the bodywork standards required by the chassis 
manufacturer and all the conditions required by current road traffic legislation, as well as 
those related to occupational health and safety. A certificate assuring the correct 
anchorage and location of the body on the chassis must be delivered together with the 
vehicle documentation. 
- EN 840-1, EN 840-2, EN 840-3, bins that can be lifted
- RD 1215/1997, certification of the crane on top of the body
- The following certificates shall be available from the compactor body
manufacturer: ISO 9001, ISO 14001, ISO 50001, OSHAS 18001 y EMAS III.
- CE certification in accordance with Directive 2006/42/CE for the safety of
machines
- CE certification according to the electromagnetic emissions directive 95/54/CEE.
- CE certification in accordance with the 2000/14/EEC directive on noise emissions
- CE certification according to EN 1501.
- Certificate of exposure to vibrations on the collector's stirrups according to RD
1311/2005.
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6 Subministering, transportation and registration 
The vehicle must be delivered with the MOT passed, ready for use and registered at Ros 
Roca's facilities. 
Delivery will take place at Ros Roca's service warehouse at Avinguda de Cervera, 0, 
25300 Tàrrega, Lleida, and a member of the company "Steco" will sign the "Reception 
Sheet" together with Ros Roca, once compliance with the requirements set out in the 
specifications has been verified, at which time the vehicle will be recognised as having 
been received. 
7 Warranty period 
The total warranty period will be 12 months. 
The engine, gearbox and rear axle will have a minimum of 24 months warranty. 
The warranty period is counted from the date of receipt of the truck and includes labour
and parts. 
The successful bidder during the warranty period shall be obliged to: 
- Replace the parts that are necessary and that are due to defects in material or
construction or design of the vehicle.
- Execute the repair within a maximum of 72 hours from the communication of the
breakdown.
8 After-sales service 
The official technical service responsible for the warranty will be clearly specified, and 




Crane base manufacturing total cost estimation 
The following work break down structure shows the processes that are followed from the 
first idea regarding the design of the platform, until it is delivered to the client.  
Therefore, the total production costs will be estimated.  
▪ Engineering
An engineer has developed the entire platform design process, previously contacting 
Steco to define the conditions and impediments that may arise. 
▪ Material costs
Material costs vary depending on arrivals and departures to stabilize their price. Those 
are updated weekly on a weighted average basis. Thus, when calculating the final product 
price, a margin is considered, and this percentage will be the same no matter when the 
material arrived.  
At the present time, June 25th of 2021, the price of the steel provided by Godet and which 
will be used to make all the sheet metal parts of our platform is 875 €/ton. 
▪ Line work
The platform needs to be assembled on Ros Roca's line, with its pertinent welding and 
assemblies. It also must be joined to the equipment body as well as the crane. This job 
will be done by 2 operators.  
From these 3 fields derive their corresponding costs. It must be added that the engineering 
price is relative. Obviously, it is not logical that it is so much lower than the line price, as 
it should be higher. Even so, the engineer in this case is the drafter of this project, who 
has an internship contract with the company in question. 
Steco Environment AS
Teglverksveien 9A, 3413 Lier, Noruega
Department Unit Price Subtotals
Engineering 6,00 €            180,00 € 
Engineering 6,00 €            360,00 € 
Line work 20,00 €         22,00 € 
Labor Total 562,00 € 
Material
Part Weight (Kg) QTY Price kg Sub Totals
Sheet 293 1 0,88 €            256,38 € 
Part Material Unit price
Bolt Steel 2,15 8,60 € 
Washer 0,24 0,96 € 
Nut Nylon 0,31 1,24 € 
267,18 € 
829,18 €          
waste collector with EuroTrade WLS lifter.  
Customer Information Date: 2021-06-23
Ros Roca S.a.
Avinguda de Cervera, 0,
25300 Tàrrega, Lleida
Project Information rosroca@rosroca.com
Design of a crane base for an Olympus 20W HCT 34 973 508 100
Labor
Description

















Teglverksveien 9A, 3413 Lier, Noruega
Price Units Subtotals
79.962,90 €     1,00 79.962,90 € 
Product total 79.962,90 € 
Transport
Price Units Sub Totals
2.285 € 1 2.285,00 € 
2.285,00 € 
82.247,90 €  
Date: 2021-06-23
EuroTrade WLS lifter.  
Customer Information
Ros Roca S.a.
Avinguda de Cervera, 0,
25300 Tàrrega, Lleida
Project Information rosroca@rosroca.com








* The total price is the one of the equipment, including the price of the platform
designed. For privacy reasons of the company, it is not possible to show the selling 
price of the platform itself since the margins are confidential. 
Total equipment purchasing price. 
